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CORRELATION OF CLXUD HEIGHT AND VVIND SPEED
By
J.E. Mac Monegle, Jr.
Submitted to the Department of Meteorology on May 19, 1961
in partial fulfillment of the requirements for the degree
of Master of Science.
This thesis is an investigation of the short period
oscillations in cloud height arxn inwind speed for a fixed
point through the application of spectrum and cross spectrum
analysis.
Particular emphasis is placed upon high fregaency
oscillations (i.e. from 2 cycles per 6 hours to 30 cycles
per 6 hours).
Spectra of the time series of cloud height a nd of
wind speed are investigated for significant periodicity
with negative results.
The cross spectra of the time series of cloud heigrt
and of wind speed are examined for significant correlation,
again with regative results.
The time series of the wind speed (horizontal
component of the magnitude of the wind vector) is questioned
as a proper representation of the real wind field.
Thesis Supervisor: Edward Norton Lorenz, Sc.D.
Title: Associate Professor of Meteorology.
INTRODU CTION.
This study is principally an attempt to investigate
the degree of correlation, if any, between wind speed and
cloud height through the use of cross spectrum analysis.
In the process, the spectra of the time series of cloud
height and of wind speed are investigated for periodicity.
Several studies (most unpublished at this time)
have been made of periodidsrin ceiling or cloud height
without positive results. Most of these studies have been
based on hourly observations and have, of necessity, been
investigations of the fairly long period fluctuations. As
an operational forecaster, the writer has for some time
considered the feasibility of a time study of short period
fluctuation and the possibility of establishing what
correlation, if any, might exist between cloud height and
wind variability. As there appears to be no similar study
available, it was decided to investigate, through the use
of cross spectrum analysis, the degree of correlation
between cloud height variability and wind speed fluctuation
and to ascertain in so far as possible the nature of this
correlation.
CLOUD HEIGHT VARIABILITY
The Data Problem
The fixed point selected for this study is
Bradley Field, in Windsor Locks, Connecdcut. The data
for this study was obtained from the Weather Bureau
Station at this field.
The synoptic situations chosen are of two
main types with two dissimilar examples of each. Under
the main classification of 'Low Pressure Disturbancet
is the approach of Hurricane Donna in September
(11-1200E to 12-1224E) 1960 and the passage of a small
secondary low in the period April 16 (0800E) to 17
(0200E) 1961. For examples of the second main
classification, 'Cold Front Type Occlusion', (sometimes
referred to as Cold Front Occlusion), is a situation in
which a cold front type occlusion moved south-east out
of the Great Lakes region with a NE-SW orientation at a
relatively uniform rate of 20 knots and another in
which a cold front type occlusion moved eastward from
central New York State with a N-S orientation at an
apparently varying rate which ranged from 5 to 18
knots and averaged about 13 knots for the period under
study.
The first problem encountered in such a
study is that of ceiling definition. It may at first
appear that the solution to this particular problem
is readily available in the Weather Bureau's Circular
'Nt. However, the suggested time period average
results in excessive smoothing of the basic data and,
further, this average is designed for subjective
evaluation. This definition, therefore, must be
discarded because:-
1. objective averaging occasionally yields ridiculous
results.
2. such averaging will filter out the short period
oscillations which are of particular interest to this
study.
Thus the study, of necessity, becomes one
of cloud height variability rather than ceiling
variability.
It might be of some interest at this point
to inject some justification for the use of cloud
height rather than formally defined ceiling. A ceiling,
it will be recalled, is defined as the height of the
lowest cloud layer covering 6/lOths or more of the total
sky. Actually, with current instrument landing equipment,
the pilot is interested in the cloud height over a much
smaller area than this. As a matter of fact, the pilot
is interested in the cloud height over the approach end
of the instrument runway rather than with the formally
defined ceiling. It is at once obvious that with 3 to
4 tenths of 50 to 100 ft. cloudiness over the approach
end of the runway, the 500 to 600 ft. ceiling over the
rest of the area is of small consolation to the pilot
on final approach. It is therefore proposed that
cloud height over the ceilometer system at the approach
end of the runway is frequently of greater operational
significance than ceiling value. In practice, of
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course, the experienced observer is apt to deform
definition to meet this obvious need.
The next point of interest is the source
of data and the form in which the data is to be used.
At Bradley Field there are two sources of relatively
continuous cloud height record. One is a Fixed Beam
Ceilometer system from which data was extracted for
the period Sept. 4 (0700E) to Sept. 5 (0654E) 1960.
The second is a Rotating Beam Ceilometer systen from
which data was extracted for the remaining three
situations.
FIXED BEAM CEILOMETER
The Fixed Beam Ceilometer system consists of
three components: projector, detector and indicator/
recorder. The projector component is essentially a
mercury vapor lamp mounted at the focal point of a
parabolic reflector. This reflector is adjusted to
direct a beam of light perpendicular to the horizontal
plane.
The detector consists of a photo sensitive
cell mounted behind a condenser lens which scans the
vertical light beam - formed by the projector - from
zero to 90 degrees. Naturally when the light beam
from the projector strikes a cloud layer, some light
is back scattered by the cloud particles. It is this
back scattered light which is sensed by the detector
and converted to an electrical impulse in the photo
cell. The signal from the photo cell is amplified
and transmitted to the indicator/recorder.
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In the indicator/recorder, a recording stylus
- synchronized with the detector - scans a continuous
graph and records on this graph the impulses transmitted
from the detector unit. The ordinate of the graph is
calibrated in degrees of elevation angle while the
abscissa is calibrated in time; heavy black lines
indicating hourly increments which ate sub-divided into
twenty minute periods by fine black lines.
The scanning system of the fixed beam
ceilometer requires twelve minutes for a complete cycle,
i.e. approximately Ax minute sampling and has a response
lag of one degree. The speed at which the calibrated
chart is fed under the recording stylus is 1.5 inches
per hour.
ROTATING BEAM CEILOMETER
The Rotating Beam Ceilometer system also consists of
three basic units: the projector, the detector and the
indicator/recorder.
For the purpose of this discussion, the
projector may be said to consist of two identical,
modulated light beam sources mounted back to back
and designed to rotate in the vertical plane. This
rotation is at the rate of one revolution per twelve
seconds. The light beams sweep the 'field of view'
of the detector from zero degrees to approximately
90 degrees. Again back scattered light from cloud
base or obscuring phenomena is detected by a photo
cell in the detector unit and an impulse transmitted
almost instantaneously to the indicator/recorder.
The twin light system of the projector provides a safety
factor in the event of light failure as well as doubling
the sampling rate to yield six second samples.
In the detector, the vertical 'field of view'
is obtained by using a parabolic reflector with a lead-
sulphide phbto-conductive cell mounted at the focal
point. Band pass filters are used between photo cell
and reflector to exclude visible light outside of the
1.0 to 2.75 micron band. The detected signal is
amplified for transmission to the indicator/recorder.
The indicator/recorder is synchronized with
the twin ligait projector to permit indication of the
transmitted signal pulse at the appropriate angle.
The indicator/recorder device used in the
Bradley Field system is em Alden Recorder. This
recorder has two speeds for the paper feed mechanism.
Slow speed, which is used in normal operation and is
the speed for the records used, is one foot per hour
with fifteen minute intervals marked automatically.
This, however, is a wet paper process and the time
scale is deformed slightly by stretching, yielding an
actual scale of one foot and one tenth of an inch per
hour. The difficulty is easily adjusted when preparing
a read-out overlay for six minute intervals.
In both systems, of course, the basic
measurement is elevation angle between the horizontal
plane and the position vector of cloud base over some
point at a fixed distance called the (base line'. This
immediately determines the height of the cloud - within
the limits of accuracy of the system - from the simple
8.
trigonometric relation:
H a B tan.t
where:
H is the cloud height
B is the base line
eA is the measured elevation angle.
It will be recalled that this study will make
use of the time series of cloud height Values over a
fixed point. Since cloud height values are likely to
go to infinity, there are obvious advantages in the use
of some function of cloud height which will form a
continuous time series. Further, since H is a
monotonic increasing function ofoz , it would be
difficult to find a more continuous or readily available
function of height than the measured angle itself.
There are additional advantages to the
replacement of the time series of height with one of
elevation angle. In any measurement system there is
bound to be error in the basic measurement, in this
case a. Small errors ine.are inherent in the difficulties
of aligning auch a complex system and are of the order
of 1 degree. Differentiation of the basic equation
yields
2dH = b see a dot
Letting dH represent the error in cloud height and dc
represent a fixed error in the basic measurement, it is
obvious from
2
dH/dea b seo at'
that the error in cloud height value resulting from a
9.
fixed error do is an increasing function ofo.
Thus, while a fixed error ino( is of little consequence
in the evaluation of fluctuations in the time series of
this quantity, a fixed error ino results in a rather
complex system of errors with respect to the evaluation
of fluctuations in the time series of height values.
Further, it will be readily ascertained that
operationally significant change in cloud height is more
nearly a linear function of (than of H. It will be
seen by reference to Fig. 1 - Curve for Rotating Beam -
that a 10 degree change ine from 30 degrees to 40 degrees
is equivalent to a height increase from 200 to 300 feet.
In the case of Bradley Field, this would be an increase
from bare mini-mum ceiling to 100 feet above minimum.
A ten degree increase from 60 degrees to 70 degrees
would be equivalent to a height change from 600 feet
to 1100 feet; again an operationally significant change.
It would appear, therefore, that operationally significant
change in cloud height is essentially a linear function
ofc( whereas it is approximately a tangent function of
height itself.
It is concluded that the time series ofocused
in this study is the best approximation of the 'real'
time series under consideration.
The physical specifications for the two ceilometer
systems are as follows:
Fixed Beam:
Location - vicinity of terminal building
Base Leg - 900 feet.
Recording
Fi
-0 -
aBe
/1000
v 3
10
Graph
Feed
Sampling
Rotating Beam:
Location
Base Leg
- elevation in degrees on ordinate,
time in one hour periods subdivided
into twenty minute periods on
abscissa.
- 1.5 inches per hour
- 12 minute cycle yielding approximate
6 minute sampling.
- at middle marker 0.68 miles from
touch down. Light source 24 ft.
above runway.
- 400 feet.
Recorder - Alden wet paper process time
checked automatically in 15
minute increments. Elevation
angle in 5 degree increments on
ordinate.
Time in 15 minute increments on
abscissa.
Feed - 1 foot per hour (actually 1 foot
plus 1/10th of an inch per hour
on graph)
Sampling - 12 second cycle yielding approximate
6 second sampling.
Figure I shows the height angle relation for the two
systems.
Elevation angles were extracted from the
continuous records at 6 minute intervals, using a
carefully prepared overlay for this purpose. The
-- I ~
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values are instantaneous values and are listed in the
catalogue of data appended to this paper. This data is
presented graphically, to familiarize the reader with the
type of variation obtained in such short interval
sampling, in Figures 2 through 5.
Figure 2 (a and b) depicts data from the
period Sept. 4 (0700E) to Sept. 5 (0654E) 1960. During
this period a Cold Front Type Occlusion with a north-
east to south-west orientation moved south-eastward
from the Great Lakes region at a relatively uniform rate
of 20 knots, passing Bradley Field about 1830E.
Figure 3 (a and b) represents data from the
period June 15 (0300E) to June 16 (0712E) 1960. During
the period a Cold Front Type Occlusion, having a roughly
north to south orientation, moved eastward with a nonuniform
spped which appeared to vary between 5 and 18 knots and
averaged 15 knots for the period.
Figure 4 is from the period Sept. 11 (1200E)
to Sept. 12 (1224E) 1960. This represents the approach
of Hurricane Donna. Power failure at 1224 E, at which
time the center of the hurricane appears to have been
just south to south-east of Bradley Field, prevented
further accumulation of data.
Figure 5 shows the data for the period April
16 (0800E) to April 17 (0200E) 1961. In this period a
small but intensifying secondary low moved from the
Long Island area north-eastward through Rhode Island.
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RESULTS OF ANALYSIS OF CLOUD HEIGHT
The power spectrum was then computed for each
situation. Since the mechanics of this type of analysis
is only incidental to the study, it should suffice to
point out that this essentially involves the computation
of linear correlations - out to 30 lags in this case -
and computation of the fourier transform of the resulting
correlogram, smoothed by running application of the
function JP -t iP tP (where P is the point value
-l 1 0
before smoothing) to yield a smoothed power spectrum
of the oscillations from zero to 30 cycles per 6 hours
or 1 cycle per 12 minutes. Computer results for the
spectra have been adjusted to indicate percentage of
total variance attributable to each frequency band of
the individual spectral estimate. These values are
listed in Table I. For purposes of interpretation,
the percentage of total variance attributed to a given
frequency is actually the variance resulting from
oscillations in the band of frequencies centered on the
given frequency value.
The spectra are presented in Figures 6 through
9 in which the variance explained by each frequency band
has been reduced to percentage of total, as listed in
Table I, to permit easier comparison of the spectra.
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TABLE I
Variance reduced to per cent of total
Sept.4-5/60
46.14
30.35
10*33
06.69
05.80
03.23
01.85
01.35
00.94
00.87
01.56
01.99
01.76
01.82
01.40
00*72
00.89
01.08
00.66
00.39
00.33
00.26
00.35
00.45
00.38
00.23
00.11
00.17
00.42
00.43
00.31
Ja .15-16/60
73.14
42.98
07.25
01.87
01.39
00.68
00.62
00.57
00*62
00.74
00.76
00.64
00.52
00.47
00.45
00.37
00.31
00.30
00.27
00.24
00.24
00.25
00023
00022
00.21
00.21
00.22
00.25
00*23
00.22
00.23
Sept.ll-12/60 April 16-17/61
19.23
17.95
16.00
09.94
02.97
01.40
02.21
03.70
03.29
01.81
01.58
01030
00097
00.83
00.74
01.37
01*90
01.67
01.74
01.97
01.53
01.16
01050
01.43
01.23
02.07
02.21
01.22
01.85
02.65
02.36
29.61
24.11
12.87
06*62
04.41
02.52
02.12
01.75
01.32
01.48
02.09
01.60
01.07
01.79
02.42
01.72
00.60
00.55
01.38
01.94
01.47
01.07
01.29
01.30
01.20
01017
01.08
00.93
00.94
01.45
01.87
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
ja
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If we now assume our four time series of a(
to be random samples froi.a an infinitely long time series
oft which forms the ?population', and, further, assume -
with some danger,. to be sure - that the distribution
ofat is normal, we can then expect our sample estimates
of the population spectrum to be distributed about this
spectrum of the population approximately according to
the distribution of Chi squared divided by the degrees
of freedom. From this consideration, it is possible to
compute, for some chosen limit of confidence, the atea
about each point of the sample spectrum within which
the spectrum of the population is likely to lie. The
area for 95 per cent confidence is indicated on each
of the sample spectra by short lines above and below
each point. The upper limits have been computed in
the manner suggested by Hans A. Panofsky and Glenn W. Brier [4)
The upper limits of confidence are listed in Table IIa.
The lower limit has been fixed as a percentage of the
upper limit by establishing the ratio between upper and
lower limit after the manner suggested by R.B. Blackman
and J.W. Tukey [5] These limits are listed in Table IIb.
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TABLE II (a)
Upper Limit 95% Confidence (% of total variance)
Sept.4-5/60
74.00
48.00
16.00
10. 70
09.30
05017
02.96
02.16
01.50
01.40
02*50
03.20
02.80
02.81
02.24
01.15
01.42
01.73
01.05
00.63
00.53
00.45
00.56
00.07
00.06
00.03
00.02
00.03
00.07
00.07
00.05
June 15-16/60
119.95
70.49
11.89
03.07
02.28
01.12
01.02
00.93
01.02
01.21
01.25
01.05
00.85
00.77
00.74
00.61
00.51
00.49
00.44
00.39
00.39
00.41
00.38
00.36
00.34
00.34
00.36
00.41
00.38
00.34
00.38
Sept .11-12/60
31.70
29*60
26.40
16.30
04.91
02.31
03.64
06.12
05.43
02.99
02.60
02.15
01.59
01.38
01.22
02.25
03.14
02.76
02.86
03.24
02.53
01*91
02.43
02.37
02.04
03.42
03*56
02.01
03.04
04.37
03.90
April 16-17/61
52.45
42.50
22*70
11.70
07.80
04.45
03.74
03.08
03.34
02.61
03.69
02.82
01.90
03.16
04.28
03.03
01.06
00.97
02.44
03.44
02.60
01.90
02.28
02.30
02.12
02.07
01.91
01.64
01.65
02.56
03.30
0
1
2
3
4
5
6
7
8
9
10'
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
27.
TABLE II (b)
Lower Limits of 95% Confidence
in Percentage of Total Variance.
Sept.4-5/60
22020
14.40
4.80
3.21
2079
1.55
0.89
0.65
0.45
0.42
0.75
0.96
0184
0.84
0.67
0.35
0.43
0.52
0.32
0.219
0.16
0.214
0.17
0.02
0.02
0.01
0.01
0.01
0.02
0.02
0.02
June 15-16/60
35.99
21.15
3.57
0.92
0.68
0.34
0.31
0028
0.31
0.36
0.38
0.32
0.26
0.23
0.22
0.18
0.15
0.15
0.13
0.12
0.12
0.12
0.111
0.11
0.10
0.10
0.11
0.12
0.11
0*10
0.11
Sept.11-12,60 April 16-17/61.
9.51
8088
7.92
4.89
1047
0.69
1.09
1*84
1.63
0*90
0.78
0.65
0.48
0.41
0.37
0.68
0.94
0.83
0.S6
0.97
0.76
0.57
0073
0.71
0.61
1.03
1.07
0.60
0.91
1.31
1.17
0
1
2
3
4
5
6
7
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
13.11
10.63
5*68
2.93
1.95
1.34
1.12
0.77
0.59
0.65
0.92
0.71
0.48
0.79
1.07
0.76
0.27
0.24
0.61
0.86
0.65
0.48
0.57
0.58
0.53
0.52
0.48
0.41
0.41
0.64
0.83
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It will be noted that in general the portion
of the spectra in the region of frequency in excess of
9 cycles per 6 hours (i.e. oscillation of period 40
minutes or less) can be approxi-nated within the limits
of 95 per cent confidence by a straight line used in
this instance to approximate a hyperbolic curve which
approaches some small finite value.
V This suggests a spectrum of pure noise.
That is to say, the short period of oscillations are
probably of a completely random nature as far as can
be determined with this high degree of confidence. It
might further be suggested that if these spectra could
be accepted at face value, the reduction of variance
indicated in this region of the spectra for any
particular frequency is too small to be of consequence
as a forecast tool. Careful analysis of the actual
spectral estimates suggests slight maxima of attributable
variance at seemingly preferred frequencies as shown in
Table III.
TABLE III
Frequency in cycles per 6 hours.
7 10 11 14 17 19 26 29 30
Period. Percentage of the total variance attributable Total
Sept.4-5 .. .. 1.99 .. 1.08 .. .. .. *. 3.07
June 15-16 .. .76 .. .. .. .. .. .. .. 0.76
Sept.ll-12 3.70 .. .. .. .. 1.97 2.21 2.65 .. 10.53
April 16-17 .. 2.09 .. 2.42 .. 1.94 .. .. 1.87 8.32
From Table III above, it is reasonably clear that the time
series of the population is sufficiently complex to resist
I
this type of simple approach. While up to 10 per cent
29.
of the variance was explained in four of the minor
maxima of the Sept. 11-12/60 situation, there was
considerable difference in frequency preference between
this and the other three examples. Because of the
similarity which does exist, one might be tempted -to
assume that samples from closely related situations
(i.e. fronts of similar orientation and speed, etc.)
should perhaps reveal similar frequency preference.
However, such a complex system of situation
classification could hardly be considered a simple
approach. It therefore seems reasonable to assume
that we are unlikely to find any simple statistical
solution to the very short range - of the order of
an hour to a half hour - forecast problem other than
persistence. This is most regrettable since this type
of short period forecast is extremely important - from
the standpoint of economy - to aircraft operation.
In passing, it might be well to note, with
respect to the utility of persistence as a solution to
this very short range forecast problem, that the presence
of up to 40 per cent of the total variance attributable
to the frequency region above 7 cycles per 6 hours
(see Table IV, listing accumulative percentage of
variance) as in the case of Hurricane Donna - casts
considerable doubt on the usefulness of persistence
under certain synoptic situations.
30
TABLE IY.
Accumulative percentage of Total Variance
Sept.4-5/60
100.00
77.12
46.77
36.44
29075
23.95
20072
18.87
17.52
16.58
15.71
14.15
12.16
10.40
08.58
07.18
06.46
05057
04.49
03.83
03.44
03.11
02.85
02.50
02.05
01067
01.44
01.33
01.16
00.74
00.31
(o( spectra)
June 15-16/60
100.00
86.19
62.07
49.21
42.59
38.18
35.66
33.47
31.72
30.40
28.93
26.84
25.24
24.17
22.38
19.96
18.24
17.65
17.10
15.72
13.78
12.30
11.23
09.94
08.64
07.44
06.27
05019
04.26
03.32
01087
Sept.ll-12/60
100.00
92*50
74.56
58059
48.65
45.67
44.28
42.07
38.37
35008
33.27
31.69
30.39
29 .42
28.59
27.85
26.48
24.58
22.91
21.17
19.2 
17.67
16051
15.01
13.58
12.35
10.28
08.07
06.85
05.00
02.36
April 16-17/61.
100.00
86.19
62.07
49021
42.59
38.18
35.66
33.47
31.72
30.40
28.93
26.84
25.24
24.17
22.38
19.96
18.24
17.65
17.10
15.72
13.78
12.30
11.23
09.94
08064
07.44
06.27
05.19
04.26
03.32
01.87
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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WIND SPEED VARIABILITY
The Data Problem
The only wind speed data available for
synchronization with the cloud, heigit data was taken frbm
the continuous record of the Esterline Angus recorder
system at Bradley Field. This system records the miles
of wind, passing a three cup anemometer, on a time base
graph. The time scale of the graph is divided in
hourly increments which are subdivided in two minute
increments. It is obvious that the smoothing thus
imposed upon the wind speed data is a function of the
speed itself, since
V = 60/v
Where V is the wind speed in m.p.h. (as used in
basic data)
v is the reciprocal wind speed in minutes
per mile (extracted from the continuous
record)
The three cup anemometer will, of course, yield mean
wind speeds which are slightly high. This results from
the tendency of the anemotmter cup wheel to accelerate
more rapidly than it decelerates. This error is
inversely proportional to the period of the fluctuation
in the wind speed arid may for our purposes be considered
of the order of ten per cent. L3J
This latter difficulty, havever, pales to
insignificance before the disastrous effect of the
smoothing function which tends to filter some of the
32.
higher frequency oscillations in the wind field. From
the basic relation:
V " 60/v
it follows that winds/ 10 knots are necessary to prevent
smoothing below the frequency of 30 cycles per 6 hours.
However, since the effectiveness of such a filter cannot
be total, it was decided to proceed with the analysis
and to attempt to establish some tentative estimate of
the relationship under consideration.
RESULTS OF ANALYSIS OF WIND
Again the spectra were computed for the four
time series of data and the machine computations reduced
to percertage of total variance for each frequency.
These values are listed in Table V. A brief study of
this Table should be sufficient to establish the general
similarity of these spectra 'on the large scale'
33.
TABLE V
Sept. 4-5/60 June 15-16/60 Sept.11-12/60 April 16-17/61
0 81.90 66.13 80.32 68.51
1 05.29 40.05 46.75 40.45
2 02.29 09.37 08.32 07.69
3 01.85 03.40 02.54 03.30
4 01.31 01.62 01.65 02.55
5 00.73 01.46 01.68 01.37
6 00.33 01.67 01.26 01.20
7 00.33 01.44 00.55 01.10
8 00.44 01.05 00.32 00.99
9 00.25 00.86 00.50 00.90
10 00.18 00.74 00.66 00.67
11 00.13 00.69 00.64 00.40
12 00.07 00.70 00.46 00.34
13 00.06 00.65 00.29 00.32
14 00.07 00.54 00.25 00.33
15 00.07 00.41 00.19 00.44
16 00.08 00.36 00.12 00.44
17 00.06 00.30 00.12 00.36
18 00.03 00.25 00.21 00.28
19 00.05 00.18 00.27 00.22
20 00.07 00.10 00.21 00.20
21 00.07 00.10 00.15 00.22
22 00.07 00.15 00.17 00.31
23 00.08 00.16 00.18 00.27
24 00.07 00.15 00.12 00.13
25 00.05 00.12 00.09 00.11
26 00.03 00.11 00.19 00.16
27 00.02 00.09 00.32 00.25
28 00.02 00.07 00.33 00.37
29 00.02 00.10 00.16 00.29
30 00.02 00.14 00.06 00.19
WIND SPECTRA
Attributable variance reduced to per cent of tQtal.
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For this reason, a single spectrum- that for
Sept. 4-5, 1960 - is presented in Figure 10 to establish
for the reader the general character of the curve. The
higi frequency portion of the spectra was then magnified
100:1, Figures 11-14. These graphs do not appear to
establish any tendency for an 'attribut able variance
peak' to occur at a commion frequenc y in all f our samples.
While this could be the result of the variable smoothing
function mentioned earlier., it is far more likely a
reflection of the complexity of the wind pattern.
Since it is already obvious from the previous
section that variability of this iagnitude will be within
the 95 per cent confidence limits, no effort was made to
establish these specific limits.
Further comnparison of the spectra of wind and cloud
height will be attempted by application of cross spectrum
analysis .
CORRELATION OF CLOUD HEIGHT AND WIND
The Cross Spectrum Analysis
Briefly, cross spectrum analysis consists of the
computation of three spectra from the covariances of two
supposedly related time series:
The three time spectra are:-
1. The cospectrum which measures the Isimultaneous'
relationship between the two time series (i.e. the
tendency of changes - events of specified frequency -
to occur simultaneously). It must be noted, however,
that a lag relation of small phase difference will be
partially reflected in the cospectrum.
40
2. The quadrature spectrum essentially measures the lag
relationship between specific frequency events (i.e. the
tendency of a specific frequency event to occur out of
phase - that is at lag positive or negative - with the
event of similar frequency in the other time series).
Here again it must be noted that while the quadrature
spectrum is designed for 900 phase lag, lesser or greater
lag relations will be partially reflected.
3. The coherence spectrum measiires the total relationship
between the two time series for each specific frequency.
It is analogous to the square of the correlation
coefficient and may be thought of in this sense.
ANALYSIS OF THE CORRELATION BETWEEN
CLOUD HEIGHP AND WIND VARIABILITY
As a first step in the analysis of the possible
correlation between these two time series, consider the
spectrum of the equivalent correlation coefficients
presented in Table VI. These are simply the square
roots of the coherence coefficients. The spectra of
this quantity is presented graphically in Figures 15
through 18.
Next, a Table - Table VII - has been prepared
to show the equivalent correlation coefficients for
seemingly preferred frequencies in each spectrum.
Here it will be noted that two frequencies are common
to all four spectra: 2 cycles per 6 hours and 23 cycles
per 6 hours. If frequency regions are considered, it
is possible to add three rather broad frequency bands
41.
TABLE VI.
EQVIV4AEI CORRELATION COEFFICIENTS
(Square root of coherence coefficients)
Sept.4-5/60
0.108
0.153
0.182
0.152
0*253
0.271
0.337
0.234
0.173
0.230
0.209
0.251
0.181
0.219
0.401
0.128
0.224
00159
0.331
0.330
0.327
0.193
0.378
0.425
0.148
0.240
0.085
0.313
0.281
0.198
0.115
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
June 15-16/60
0O276
0.290
0.268
0.191
0.315
0.479
00563
0.511
0.276
0.335
0*134
0.645
0.595
0.250
0.112
0.128
0.426
0.574
0.480
0.471
0.510
0.112
0.333
0.669
0.620
0*316
0.154
0.289
0.228
0.312
0.083
Sept. 11-12/60 April 16-17/61
0.330
0.412
0.596
0.217
0.271
0.216
0.495
0.610
0.372
0.370
0*268
0.270
0.269
0.253
0.083
0.066
0.138
0.183
0.395
0.524
0.225
0.204
0.390
0.530
0.450
0.159
0.236
0.107
0.275
0.145
0*305
00595
0.575
0.566
0.569
0.451
0.363
0.254
0.355
0*245
0.201
0.165
0.291
0.170
0.366
0*153
0.138
0.090
0.554
0.658
0.544
0.416
0.040
0.116
0.357
0*268
0.186
0.094
0*242
0.159
0*230
0.630
4
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TABLE VIII
COSPECTRA
Sept.4-5/60
0
1
2
3
4.
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
June 15-16/60
24.024
13*030
1.035
0.265
0.077
-0.522
-0.613
-0.391
-0*216
-0.189
-0.182
-0.038
0.069
0*040
0.025
-0.007
-0.039
0.011
0.064
0.038
-0.013
-0.014
0.034
0.051
0.023
0.003
0.006
-0.00 5
-0.020
0.005
0.029
Sept.ll-12/60 April 16-17/61
117.241
59.973
2.803
0.395
- 2.479
- 2.925
- 3.600
- 2.664
- 1.306
0.070
0.273
- 2.167
- 2.257
- 0.274
- 0.063
- 0.318
0.154
0.167
0.112
0.o161
0*045
-0.060
-0 * 357
-0.573
-0.564
-0.300
0.150
0.231
0.104
0.093
0.092
20.857
13*716
4.374
0.215
-1.296
0.619
2.249
1*606
0.106
-0.618
-0.372
0.090
0*338
0.243
0.02D
-0.256
-0.501
-0.035
0.315
-0.208
-0.686
-0.334
0.608
0*838
0.1D
-0*396
-0.044
0.946
1.001
0.181
-o202
-75.787
-49. 650
-15.697
- 6.855
- 4.189
- 1.825
- 1.146
- 1.122
- 0.701
- 0.410
0.136
0.563
- 0.213
- 0.759
- 0.212
0.337
0.101
- 0.628
- 1.154
0.997
- 0.525
0.058
- 0.075
0/598
- 0.274
0.135
0.112
- 0.228
-0.167
0*604
1.050
48.
TABLE IK
QUADRATURE SPECTRA.
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Sept.4-5/60
0.000
12.446
5.110
0.923
1.052
0.074
-0.295
-0.285
0.116
0.144
-0.070
-0.188
-0.137
-0.101
-0.013
0.016
-0.912
-0.062
-0.066
-0.053
-0.031
-0.029
-0.061
-0.099
-0.089
-0.024
0.021
-0.008
-0.024
-0.015
-0.000
June 15-16/60
0.000
-46.975
-13.694
3.011
-1.671
-0.763
0.304
1.209
-0.508
-1.683
-0.575
0.186
-0.201
0.828
1.101
-0.001
-0.894
-1.074
-0.768
-0.600
-0.489
-0.093
-0.148
-0.542
-0.395
-0.118
-0.011
-0.132
-0.154
-0.280
0.000
Sept.ll-12/60 April 16-17/61
0.000 0.000
-16.424 10.570
-9.159 2.871
-3.716 0.082
-2.376 0.875
-1.913 0.517
-1.522 -0.-83
0.121 -0.819
0.849 -0.361
0.846 0.506
0.957 0.529
1.106 -0.348
0.475 
-0.201
-0.464 0.271
-0.843 0.323
-0.190 -0.026
0.139 -0.065
-0.345 0.299
-0.919 0.169
-l.149 0.199
-0.581 0.369
-0.199 0.023
-0.679 -0.197
-0.636 0.090
-0.218 0.126
-0.315 -0.135
-0.259 0.012
-0.023 0.238
-0.349 0.205
-0.603 0.038
0.000 0.000
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(8 cycles per 6 hours, 19 cycles per 6 hours and 27 cycles
per 6 hours) to the two common frequencies already
indicated.
Now if the apparent correlation at 2 and 23 cycles
per 6 hours does indeed represent a cormmon relationship,
it is reasonable to expect the relation to have comron
reflection in both cospectra and quadrature spectra.
The cospectra and quadrature spectra are presented
specifically in Table VIII and Table IJC with graphic
representation in Figures 19 through 26.
Let the common 'correlation peak' at 2 cycles per
6 hours be examined by use of specific values of the
cospectra and quadrature spectra.
TABLE X
2 cycles per 6 hours (3 hour period)
Cospectra quadrature spectra
Case I 1.035 5.110
Case II 2.893 -13.694
Case III 4.374 -9.159
Case IV -15.697 2.871
Where Case I is Sept. 4-5/60, Case II is June 15-16,/60,
Case III is Sept. 11-12/60 and Case IV is April 16-17/61.
Here it is evident from the cospectral values that in the
first three cases higa values of cloud height tend to be
associated with strong wind at this frequency of oscillation.
However, in the fourth case, the relationship is quite
strongly reversed.
From the quadrature spectral values it appears
58.
that in Cases I and IV higa cloud values tend to occur
prior to the strong wind values, while in Cases II and
III, the high cloud values tend to occur after the
strong winds.
It is therefore concluded that the occurrence
of this correlation peak at a common frequency results
by accident rather than from any constant physical
relation.
In the case of the common 'correlation peak' at
23 cycles per 6 hours, the specific values from the
cospectra and quadrature spectra are shown in Table XI.
TABLE XI
23 cycles per 6 hours: period approximately 16 mins.
Cospectra Quadrature Spectra
Case I .051 -.099
Case II -.573 -.542
Case III .838 -.636
Case IV -.598 .090
Here again, the difference between the two basic
parts of the cross spectra prevent the imnediate assumption
of a common physical relation as an explanation of the
common 'correlation peak'.
Further, in neither case does there appear to be
common relation between the two parts of the cross
spectra even within the two synoptic classifications.
Let the assumption be made, for the sake of
argument, that we have a single oscillation of x cycles
per 6 hours of both wind and cloud height. This implies
a maximum wind velocity every x hours, which in turn
-I
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implies a minimum between each maximum. Pictorially,
this situation could - by assuming a simple divergence
relation - be presented as indicated in Figure 27 a.
If the further assumption be made that convergence and
associated positive vertical motion will generate cloud
particles and lower the cloud base, while divergence and
associated subsidence will tend to dry the region of
the cloud base and result in an increase in height,
the resulting fluctuation in cloud height would tend
to follow the pattern suggested in Figure 27 b. This
means that, because of the manner in which the cross
spectra were computed, the quadrature vilue should be
negative, since the lower cloud heights tend to occur
after high wind values.
This would also seem to imply that, inasmuch as
convergence preceeds the high wind value, the tendency
should be for lower cloud heigit to correlate with high
wind value, which is to say the cospectral value should
be negative. Referring to Table X will indicate no such
relation exists. There is, however, in Table XI an
example of the expected relation of spectra in Case II.
Referring to the total of all spectral values, the
following number of cases in which this relation holds,
can be cited:
Case I - 9 frequencies, Case II - 10 frequencies,
Case III - 9 frequencies, Case IV - 5 frequencies. This
means that with respect to the total, this simple relation
seems to occur only in 27 per cent of the total.
Referring again to Figure 27, Part tC' is a
qualitative representation of the type of height change
pattern suggested by the spectral values in Case I for
e2-7
-0 -.- o --
-- . -
*
c" -+T
Dr
25e
61.
2 cycles per 6 hours. It will be noted that greater
height values supposedly occur in the region of
expected positive vertical motion than occur in the
region of subsidence. This is probably a strong
indication that the assumed vertical motion pattern
is in error. Yet the following two quantitative
representations appear to support the assumed vertical
motion pattern. It is, perhaps, vaguely conceivable
that in the presence of marked stratification of
moisture in the vertical, some simple vertical
advection process may acoount for this departure
from the expected. Unfortunately, while the following
two cases mentioned above support the assumed vertical
motion, there is a tendency for positive correlation
between cloud height and wind which does not follow the
prediction of this model.
It follows, therefore, that although the miodel
appears to have some semblance of reality, it is
inadequate as an explanation of the observed variability.
It is entirely possible that the smoothed wind data
;av distort the higher frequency oscillations but it is
quite unlikely to affect the data with respect to the
fairly long period (3 hours) variability. The wind data
must therefore be assumed adequate in this respect.
There is an aspect of this data which may be
questioned. The wind values probably do not properly
represent the wind field. In fact they can be expected
to represent no more than the horizontal components of
the total wind vector. In view of this consideration,
62.
plus the fact that the winds were measured by an
anemometer only 12-15 feet above the ground - which
constitutes a rather firm lower boundary condition - it is
at least possible that the higher wind values could at
times be a reflection of a strong negative vertical
wind component, in which case the tendency for positive
correlation between height and wind essentially fits
one of the basic assumptions of our model; that negative
vertical motion is associated with greater height values.
The converse is also very likely - that light winds may
at times reflect positive vertical motion.
The above concept in itself seems a reasonable
explanation of the apparent discrepancies noted in the
results.
II U ~ -
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SUMMARY OF RESULTS AND CONCLUSIONS.
There is no evidence of common periodickyin the
spectra of the time series either of cloud height or of
wind speed in the high frequency region of the spectra
and it is therefore concluded that there is little hope
of a simple solution to the short period (half hour to
one hour) cloud height forecast in this type of approach.
There is some evidence of the lack of reliability
in persistence as a tool in short period cloud height
forecasting, but nothing to offer in its stead.
There is no indication of significant correlation
between the spectra of the time series of cloud height
and the spectra of the simultaneous time series of wind
speed.
Also, there is reason to suspect that the time
series of the total wind vector (i.e. consideration of
the vertical component in addition to the horizontal)
would have significant correlation with the simultaneous
time series of cloud height.
The observed lack of significant correlation
between the time series of& and the time series of the
wind speed probably results from the failure of the
magnitude of the horizontal component of the total wind
vector to present a consistent representation of the
total vector. This leads naturally to the suggestion
that a similar type of study, using three dimensional
wind data might yield significant correlation and
permit the development of a more realistic model of
the wind field.
64.
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CATALOGUE OF DATA
The data in this catalogue is associated with the following
synoptic situations:
Situation I.
Sept. 4-5, 1960. During this period a Cold Front Type
Occlusion with a north-east to south-west orientation
moved south-eastward froma the Great Lakes region at a
relatively uniform rate of 20 knots, oassing Bradley
Field, Conn. about 1830E.
Situation II.
June 15-16, 1960. During this period a Cold Front,
having a roughly north to south orientation, moved
eastward with a non-uniform speed which appeared to
vary between 5 and 18 knots and averaged 13 knots for
the period.
Situation III.
Sept. 11-12, 1960. During this period Hurricane Donna
moved up the coast to a position just south to south-
east of Bradley Field. Power failure at 1224E (Sept.12,1960)
prevented further accumulation of data.
Situation IV.
April 16-17, 1961. During this period a small but
intensifying secondary low moved from the Long Island
area north-eastward through Rhode Island.
Situation I. Period: Sept. 4-5. 1960.
Data from Fixed Beam Ceilometer.
Date Time
9/4/60 0700
06
12
18
24
30
36
42
48
54
0800
06
12
18
24
30
36
42
48
54
0900
06
12
18
24
Angle
85
85
85
84
84
84
84
84
83
83
83
83
83
83
83
83
83
83
82
82
82
82
82
82
82
Date Time
9/4/60 0930
36
42
48
54
1000
06
12
18
24
30
36
42
48
54
1100
06
12
18
24
30
36
42
48
54
Angle
82
84
81
81
81
82
82
82
82
81
81
81
81
81
81
84
84
82
82
82
81
81
80
80
81
Date Time
9/4/60 1200
06
12
18
24
30
36
42
48
54
1300
06
12
18
24
30
36
42
48
54
1400
06
12
18
24
Angl
81
77
77
77
81
81
89
75
73
73
75
75
74
74
74
67
72
72
71
71.
71
72,
72
72
73
ELEVATION ANGLES
66.
67.
ELEVATION ANGLES
Situation I. Period: Sept. 4-5, 1960.
Data from Fixed Beam Ceilometer.
Date Time
9/4/60 1430
36
42
48
54
1500
06
12
18
24
30
36
42
48
54
1600
06
12
18
24
30
36
42
48
Angle
73
76
76
72
72
71
70
'70
69
74
74
73
72
70
71
69
69
70
70
70
73
73
73
73
Date
9/4/60
Time
1654
1700
06
12
18
24
30
36
42
48
54
1800
06
12
18
24
30
36
42
48
54
1900
06
12
Angle
68
68
68
68
67
66
66
66
66
66
66
63
61
61
63
63
62
58
61
64
75
75
74
74
Date Time
9/4/60 1918
24
30
36
42
48
54
2000
06
12
18
24
30
36
42
48
54
2100
06
12
18
24
30
36
Angle
74
74
74
75
75
76
76
77
75
75
77
78
78
78
78
78
78
78
79
79
79
79
79
79
ELEVATION ANGLES
Situation I. Period: Sept. 4-5, 1960.
Data from Fixed Beam Ceilometer.
Date Time
9/4/60 2142
48
54
2200
06
12
18
24
30
36
42
48
54
2300
06
12
18
24
30
36
42
48
54
9/5/60 0000
06
Angle
79
79
90
90
90
90
90
90
90
73
72
71
71
79
79
79
79
79
79
79
79
79
79
79
79
Date Time
9/5/60 0012
18
24
30
36
42
48
54
0100
06
12
18
24
30
36
42
48
54
0200
06
12
18
24
30
36
Angle
79
78
78
78
78
78
78
78
78
78
75
75
78
70
75
79
78
78
78
78
78
78
78
77
77
Date Time
9/5/60 0242
48
54
0300
06
12
18
24
30
36
42
48
54
0400
06
12
18
24
30
36
42
48
54
0500
06
Angle
78
78
78
78
90
90
90
78
90
90
69
70
67
67
66
66
64
65
67
78
66
66
65
78
78
68.
69.
ELEVATI ON ANGLES
Situation I. Period: Sept. 4-5 1960.
Data from Fixed Beam Ceilometer.
Date Time Angle
9/5/60 0512 78
18 78
24 78
30 67
36 67
42 68
48 68
54 68
0600 68
06 68
12 68
18 90
24 90
30 68
36 68
42 90
48 90
54 90
70
WINDS
Situation I. Period: Sept. 4-5, 1960.
Data from Esterline Angus Recorder System.
Date
9/4/60
Date
9/4/60
Time
0700
06
12
18
24
30
36
42
48
54
0800
06
12
18
24
30
36
42
48
54
0900
06
12
Speed (m.p.h.)
6.0
6.0
6.5
6.5
6.5
7.0
7.7
7.8
7.3
6.5
7.0
6.8
6.5
6.3
5.9
5.5
4.3
4.3
4.9
5.5
5.8
6o0
6.8
Time
0918
24
30
36
42
48
54
1000
06
12
18
24
30
36
42
48
54
1100
06
12
18
24
30
Speed (m.p.h.)
7.0
7.0
7.8
7.3
7.0
7.5
7.8
6.3
6.3
5.5
6.5
7.5
7.6
8.5
8.0
7.5
8.0
8.0
7.0
7.4
7.5
6.8
7.0
71.
WINDS
Situation I. Period: Sept. 4-5, 1960.
Data from EsterlinehAgus Recorder System.
Date Time
9/4/60 1136
42
48
54
1200
06
12
18
24
30
36
42
48
54
1300
06
12
18
24
30
36
42
48
Speed (m.p.h.)
6.2
5.3
5.8
6.8
7.7
7.3
6.5
5.5
4.4
4.4
5.0
5.0
6.0
6.7
8.0
8.4
7.1
8.8
8.6
8.6
8o5
4.3
5.5
Date Time
9/4/60 1354
1400
06
12
18
24
30
36
42
48
54
1500
06
12
18
24
30
36
42
48
54
1600
06
Speed (m.p.h.)
6.0
6.2
6.0
6.0
5.7
4.3
4.3
4.9
5.5
4.7
4.0
4.8
4.1
4.1
4.3
4.0
3.2
3.4
3.5
4.5
4.7
5.4
5.0
72.
WINDS
Situation I. Period: Sept. 4-5, 1960.
Data from Esterline Angus Recorder System.
Date Time
9/4/60 1612
18
24
30
36
42
48
54
1700
06
12
18
24
30
36
42
48
54
1800
06
12
18
24
Speed (m.p.h.)
5.7
5.5
4.8
4.3
3.3
3.4
3.4
3.7
4.1
5.5
5.5
5.5
5.2
5.1
4.6
3.9
3.6
3.3
2.9
2.9
2.4
2.3
1.8
Date
9/4/60
Time
1830
36
42
48
54
1900
06
12
18
24
30
36
42
48
54
2000
06
12
18
24
30
36
42
Speed (m.p.h.)
1.8
1.7
1.6
1.5
1.5
1.6
1.6
1.7
1.8
1.8
1.8
1.8
1.5
1.1
1.1
1.1
0.8
0.8
0.8
0.8
0.8
0.9
0.9
73.
WINDS
Situation I. Period: Sept. 4-5, 1960.
Data from Esterline Angus Recorder System.
Date Time
9/4/60 2048
54
2100
06
12
18
24
30
36
42
48
54
2200
06
12
18
24
30
36
42
48
54
2300
06
Speed (m.p.h.)
1.4
1.5
1.5
1.5
1.4
1.3
1.3
1.5
1.6
1.7
2.0
2.3
2.3
2.7
2.7
2.5
2.4
3.0
3.6
4.3
4.6
5.0
4.3
3.6
Date Time
9/4/60 2312
18
24
30
36
42
48
54
9/5/60 0000
06
12
18
24
30
36
42
48
54
0100
06
12
18
24
30
Speed (m.p.h.)
3.5
3.8
3.9
4.0
4.0
3.9
3.7
3.3
3.2
2.7
2.2
2.4
2.4
2.5
3.5
3.5
3.5
3.4
3.4
4.1
3.3
3.6
2.7
2.3
74.
WINDS
Situation I. Period: Sept. 4-5, 1960.
Data from Esterline Angus Recorder System.
Date Time
9/5/60 0136
42
48
54
0200
06
12
18
24
30
36
42
48
54
0300
06
12
18
24
30
36
42
48
54
Speed (m.p.h.),
2.0
2.0
2.0
1.6
1.6
1.2
1.2
1.3
1.3
1.3
1.2
1.2
1.2
1.3
1.3
1.2
1.2
1.2
1.3
1.3
1.3
1.6
1.6
1.6
Date Time
9/5/60 0400
06
12
18
24
30
36
42
48
54
0500
06
12
18
24
30
36
42
48
54
0600
06
12
18
Speed (m.p.h.)
1.6
1.6
1.1
1.1
1.1
0.9
0.9
0.9
0.9
0.9
1.2
1.2
1.2
1.8
1.8
1.8
1.6
1.6
1.6
1.6
1.5
1.5
1.6
1.8
75.
WINDS
Situation I. Period: Sept. 4-5, 1960.
Data from Esterline Angus Recorder Systeg.
Date Time
9/5/60 0624
30
36
42
48
54
Speed (m.p.h.)
2.0
2.5
3.9
4.1
4.0
3.8
76.
ELEVATI ON ANGLE
Situation II. Period: June 15-16, 1960.
Data from Rotating Beam Ceilometer.
Date Time
6/15/60 0300
06
12
18
24
30
36
42
48
54
0400
06
12
18
24
30
36
42
48
54
0500
06
12
Angle
74
74
74
74
74
73
73
72
72
70
70
69
68
67
68
65
65
63
62
60
66
64
55
Date Time
6/15/60 0518
24
30
36
42
48
54
0600
06
12
18
24
30
36
42
48
54
0700
06
12
18
24
30
Angle
54
52
48
48
22
21
21
21
20
18
18
16
18
20
25
25
24
21
20
23
22
19
19
Date Time
3/15/60 0736
42
48
54
0800
06
12
18
24
30
36
42
48
54
0900
06
12
18
24
30
36
42
48
Angle
22
18
20
15
20
18
15
15
20
16
18
16
14
16
20
17
17
24
23
23
22
32
26
77.
ELEVATION ANGLE
Situation II. Period: June 15-16, 1960.
Data from Rotating Beam Ceilometer.
Date Time
6/160 0954
1000
06
12
18
24
30
36
42
48
54
1100
06
12
18
24
30
36
42
48
54
1200
06
Angle
30
43
61
66
42
4
50
90
90
90
Date Time
6/15/60 1212
18
24
30
36
42
48
54
1300
06
54
52
83
83
83
83
81
55
54
52
60
61
52
12
18
24
30
36
42
48
54
1400
06
12
18
24
Angle
63
71
74
77
80
80
79
79
78
78
77
74
73
71
68
53
49
54
64
68
67
68
68
Date Time
6/15/60 1430
36
46
48
54
1500
06
12
18
24
30
36
42
48
54
1600
06
12
18
24
30
36
42
Angle
64
63
62
63
63
62
60
60
58
59
57
56
56
55
52
55
52
52
50
52
50
48
43
78.
ELEVATION ANGLE
Situation II. Period: June 15-16, 1960.
Data fro-n Rotating Beam Ceilomete r.
Date
6/15/60
Time
1648
54
1700
06
12
18
24
30
36
42
48
54
1800
06
12
18
24
30
36
42
48
54
1900
06
Date
6/15/60
_Angle
38
40
35
28
30
26
20
18
20
18
16
14
22
11
07
06
08
07
05
05
05
13
09
07
Date Time
6/15/60 1932
18
24
30
36
42
48
54
2000
06
12
18
24
30
36
42
48
54
2100
06
12
18
24
30
06
06
06
07
06
08
07
09
07
09
07
15
07
07
07
05
08
08
08
09
11
14
11
36
Time
2136
42
48
54
2200
06
12
18
24
30
36
42
48
54
2300
06
12
18
24
30
36
42
48
54
Angle
38
42
05
34
42
41
06
06
06
06
05
05
05
05
04
05
06
06
06
06
06
05
06
06
79.
ELEVATION ANGLE
Situation II. Period: June 15-16, 1960.
Data from ot ating Beam Ceilometer.
Date Time
6/18/60 0000
06
12
18
24
30
36
42
48
54
0100
06
12
18
24
30
36
42
48
54
0200
06
12
18
05
05
05
06
05
07
07
07
07
09
10
09
07
06
09
07
90
06
07
06
05
06
06
07
Date Time
6/16/60 0224
30
36
42
48
54
0300
06
12
18
24
30
36
42
48
54
0400
06
12
18
24
30
36
42
Date
6/16/60
Angle
07
05
07
06
05
07
07
11
07
07
07
08
08
06
07
06
06
05
06
09
09
16
09
07
Time
0448
54
0500
06
12
18
24
30
36
42
48
54
0600
06
12
18
24
30
36
42
48
54
0700
06
12
Angle
07
05
07
07
11
08
08
07
07
09
07
07
05
08
07
11
08
07
07
08
10
34
14
90
90
80.
W1NDS
Situation II. Period: June 15-16, 1960.
Data from Esterline Anus Recorder stem.
Date
6/15/60
Time
0300
06
12
18
24
30
36
42
48
54
0400
06
12
18
24
30
36
42
48
54
0500
06
12
18
Speed (mo.p.h.) Date Time
1.6 6/15/60 0524
1.6 30
1.6 36
1.6 42
1.5 48
1.4 54
1.3 0600
1.3 06
1.3 12
1.3 18
1.3 24
1.3 30
1.2 36
1.2 42
1.2 48
1.1 54
1.1 0700
1.1 06
1.4 12
2.0 18
2.5 24
2.8 30
2.8 36
2.8 42
Speed (m.p.h.)
3.2
3.6
3.6
2.4
2.4
2.4
2.4
3.0
3.0
3.0
3.7
4.3
4.3
2.1
2.1
2.1
2.1
2.3
2.5
2.7
2.7
2.7
5.2
5.8
WINDS
Situation II. Period: June 15-16, 1960.
Data from Esterline Angs Recorder System.
Date
6/15/60
Date
6/15/60
Time
0748
54
0800
06
12
18
24
30
36
42
48
54
0900
06
12
18
24
30
36
42
48
54
1000
06
12
Speed (m.p.h.)
6.3
5.0
4.8
5.0
5.2
5.0
5.0
5.3
4.6
4.6
5.4
5.4
4.5
3.3
3.3
5.0
5.0
5.5
5.5
6.7
8.6
9.0
10.0
10.0
9.8
Time
1018
24
30
36
42
48
54
1100
06
12
18
24
30
36
42
48
54
1200
06
12
18
24
30
36
42
Speed (mopeh.)
10.2
10.1
9.0
9.8
9.8
1001
1001
10.1
10.9
8.3
8.8
7.5
7.4
6.7
6.7
7.2
7.5
9.9
7.2
4.3
5.0
6.7
7.2
6.6
5.4
81.
82.
WINDS
Situation II. Period: June 15-16, 1960.
Data from Esterline Angus Recorder System.
Date
6/15/60
Date
6/15/60
Time
1248
54
1300
06
12
18
24
30.
36
42
48
54
1400
06
12
18
24
30
36
42
48
54
1500
06
12
Speed (m.p.h.)
5.4
7.5
8.6
11.1
10.0
8.6
8.1
7.5
8.0
9.4
10.0
12.0
10*0
8.6
7.8
6.8
6.7
8.6
9.7
8.8
7.5
8.3
8.9
6.1
4.6
Time
1518
24
30
36
42
48
54
1600
06
12
18
24
30
36
42
48
54
1700
06
12
18
24
30
36
42
Speed (mo.p.h.)
7.1
8.8
7.1
6.7
7.5
7.5
8.6
6.7
6.0
8.0
8.3
8.8
7.6
7.7
7.6
7.0
7.0
6.1
6.1
7.1
7.1
5.5
5.4
6.0
4.4
83.
WINDS
Situation II Period: June 15-16, 1960.
Data from Esterline Angus_ Recorder ystem.
Date
6/15/60
Time
1748
54
1800
06
12
18
24
30
36
42
48
54
1900
06
12
18
24
30
36
42
48
54
2000
06
12
Speed (m.p.h.)
4.3
5.0
5.0
5.4
7.5
8.0
6.0
6.0
6.0
5.4
5.4
6.0
6.0
6.0
4.8
5.0
5.0
5.0
4.8
5.0
5.0
5.9
5.0
5.7
5.7
Date Time
6/15/60 2018
24
30
36
42
48
54
2100
06
12
18
24
30
36
42
48
54
2200
06
12
18
24
30
36
42
Speed (m.p.h.)
5o7
5.4
5.4
5.1
5.1
4.6
4.6
3.8
3.8
3.8
3.5
3.5
4.0
4.8
4.8
5.0
5.1
5.1
5.2
5.6
5.6
4.4
4.4
4.6
4.6
84.
WINDS
Situation II. Period: June 15-16, 1960.
Data from Esterline Angus Recorder System.
Date Time
6/15/60 2248
54
2300
06
12
18
24
30
36
42
48
54
2400
06
12
18
24
30
36
42
48
54
6/16/60 0100
06
12
Speed (m.p.h.)
5.1
5.0
5.6
4.8
4.8
4.7
4.8
4.6
4.6
6.2
6.2
6.1
6.3
5.6
5.6
5.4
5.7
5.7
6.2
6.2
6.2
7.5
7.5
6.8
6.8
Date Time
6/16/60 0118
24
30
36
42
48
54
0200
06
12
18
24
30
36
42
48
54
0300
06
12
18
24
30
36
42
Speed (m.p.h.)
7.4
7.2
8.0
7.7
7.5
8.0
8.2
6.9
5.1
6.0
6.7
6.3
6.7
6.7
7.4
7.1
6.7
7.4
7.4
5.1
4.8
5.0
5.7
5.7
5.7
85.
WINDS
Situation II. Pegiod: June 15-16, 1960.
Data from Esterline Angus Recorder System.
Date Time
6/16/60 0618
24
30
36
42
48
54
0700
06
12
Date
6/16/60
Speed (m.p.h.)
7.6
7.6
7.5
5.7
6.4
7.1
6.1
5.9
5.5
3.9
Time
0348
54
0400
06
12
18
24
30
36
42
48
54
0500
06
12
18
24
30
36
42
48
54
0600
06
12
Speed -(mnpph.)
5.7
7.1
6.1
7.0
6.7
7.3
6.5
6.7
6.3
6.3
6.3
7.2
6.6
6.3
6.3
6.2
5.9
6.0
6.0
5.9
6.0
5.0
4.7
4.0
4.0
86.
ELEVATION ANGLE
Situation III. Period: Sept 11-12, 1960
Data from Rotating Beam Ceilometer
Date Time
9/11/60 1200
06
12
18
24
30
36
42
48
54
1300
06
12
18
24
30
36
42
48
54
1400
06
12
18
24
Angle
90
60
90
90
55
60
60
90
90
90
90
90
55
55
60
90
90
50
Date Time
9/11/60 1430
36
42
48
54
1500
06
12
18
24
30
36
42
48
54
1600
06
12
44
40
45
45
40
90
38
18
24
30
36
42
48
54
Angle
81
84
76
43
74
73
90
90
90
90
90
50
90
47
90
41
54
49
44
47
46
43
52
47
53
Date Time
9/11/60 1700
06
12
18
24
30
36
42
48
54
1800
06
12
18
24
30
36
42
48
54
1900
06
12
18
24 74
Angle
49
52
50
54
59
60
60
74
78
77
77
74
72
68
67
69
68
67
66
70
75
73
74
70
87.
ELEVATION ANGLE
Situation III. Period: Sept. 11-12, 1960.
Data from Rotating Beam Ceilometer
Date Time
9/11/60 1930
36
42
48
54
2000
06
12
18
24
30
36
42
48
54
2100
06
12
18
24
30
36
42
48
54
Anle
73
78
75
70
69
82
77
77
70
74
70
74
68
73
65
62
64
57
61
52
46
60
50
50
62
Date Time Angle
9/11/60 2200 62
06 62
12 62
18 63
24 63
30 60
36 61
42 61
48 63
54 66
2300 61
06 66
12 64
18 66
24 64
30 65
36 64
42 64
48 60
54 50
9/12/60 0000 55
06 58
12 44
18 55
24 48
Date Time
9/12/60 0030
36
42
48
54
0100
06
12
18
24
30
36
42
48
54
0200
06
12
18
24
30
36
42
48
54
U
Angle
52
52
39
45
50
46
50
54
55
54
58
59
43
38
44
55
53
55
60
45
58
48
62
55
52
88.
ELEVAT ION ANGLE
Situation III. Period: Sept. 11-12, 1960.
Data from Rotating Beam Ceilometer
Date Time
9/12/60 0300
06
12
18
24
30
36
42
48
54
0400
06
12
18
24
30
36
42
48
54
0500
06
12
18
24
Angle
55
55
63
52
58
58
63
43
69
66
65
60
90
34
59
70
66
34
73
34
44
45
44
44
54
Date
9/12/60
Time
0530
36
42
48
54
0600
06
12
18
24
30
36
42
48
54
0700
06
12
18
24
30
36
42
48
54
Angle
55
54
52
59
56
53
45
51
57
68
74
63
66
54
75
65
78
79
74
64
63
73
66
61
70
Date
9/12/60
Time
0800
06
12
18
24
30
36
42
48
54
0900
06
12
18
24
30
36
42
48
54
1000
06
12
18
24
Angle
64
58
60
63
64
62
65
70
65
61
67
61
57
60
65
63
60
58
64
54
60
55
61
72
63
89.
gLEVATION ANGLE
Situation III. Period: Sept. 11-12, 1960.
Data from Rotating Beam Ceilometer
Date Time Angle
9/12/60 1030 66
36 6
42 59
48 60
54 59
1100 61
06 72
12 77
18 74
24 69
30 68
36 69
42 67
48 63
54 67
1200 64
06 76
12 90
18 50
24 80
90.
WINDS
Situation III. Period: Sept. 11-12, 1960.
Data from Esterline Angus Recorder System.
Date
9/11/60
Date
9/11/60
Time
1242
48
54
1300
06
12
18
24
30
36
42
48
54
1400
06
12
18
24
30
36
42
48
54
1500
Speed (mopoh.)
8.6
6.6
6.7
7.2
5.9
5.7
4.8
5.8
6.5
5.6
5.6
5.6
6.0
6.7
5.6
5.6
5.9
7.5
6.7
6.7
7.5
8.0
8.6
7.7
Time
1506
12
18
24
30
36
42
48
54
1600
06
12
18
24
30
36
42
48
54
1700
06
12
18
24
Speed (m.p.h.)
8.0
8.0
8.0
9.2
7.5
7.5
7.5
8.6
8.8
8.6
8.8
8.7
8.7
8.7
10.0
9.1
10.0
10.0
8.6
8.6
7.4
7.4
8.6
9.7
WINDS
Situation III. Period: Sept. 11-12, 1960.
Data from Esterline Angus Recorder System.
Date
9/11/60
Time
1730
36
42
48
54
1800
06
12
18
24
30
36
42
48
54
1900
06
12
18
24
30
36
42
48
54
- i
Speed (mopeh.)
9.1
8.7
8.1
7.7
8.0
7.5
7.3
7.2
7.5
7.6
7.1
6.6
6.5
6.7
6.8
7.1
6.9
6.0
7.4
8.0
8.8
9.2
9.2
9.2
9.2
Date Time
9/11/60 2000
06
12
18
24
30
36
42
48
54
2100
06
12
18
24
30
36
42
48
54
2200
06
12
18
24
Speed (m.p.h.)
7.5
6.7
8.6
8.6
8.3
7.6
8.3
8.3
8.0
7.9
7.5
8.0
8.6
8.0
7.7
7.5
7.5
7.5
7.5
7.7
6.7
8.3
7.5
8.0
8.0
91.*
92.
WINDS
Situation II. Period: Sept. 11-12, 1960.
Data from Esterline Angus Recorder System.
Date Time Speed (m.p.h.) Date Time Speed (n.p.h.)
9/11/60 2230 8.0 9/12/60 0100 7.3
36 8.6 06 7.3
42 8.6 12 8.6
48 7.0 18 7.3
54 7.5 24 7.7
2300 7.5 30 8.0
06 8.6 36 8.6
12 8.6 42 10.0
18 8.6 48 8.6
24 8.6 54 7.5
30 9.1 0200 8.0
36 9.1 06 8.6
42 9.0 12 8.3
48 6.6 18 9.7
54 8.6 24 8.6
9/12/60 0000 7.9 30 9.9
06 7.3 36 9.6
12 6.7 42 7.7
18 9.2 48 9.7
24 8.6 54 9.9
30 8.0 0300 8.6
36 7.5 06 11.5
42 7.5 12 10.4
48 8.0 18 10.3
54 7.5 24 8.6
93.
WINDS
Situation III. Period: Sept. 11-12, 1960.
Data from Esterline Angus Recorder System.
Date Time
9/12/60 0330
36
42
48
54
0400
06
12
18
24
30
36
42
48
54
0500
06
12
18
24
30
36
42
48
54
Date
9/12/60
Speed _(mnpoh.)
8.6
8.8
10.0
10.0
8.6
9.4
9.7
6.9
10*0
8.6
9.9
9.9
8.6
10.0
12.6
15.0
14.3
13.3
12.8
14.3
16.2
13.3
14.3
15.0
12*4
Time
0600
06
12
18
24
30
36
42
48
54
0700
06
12
18
24
30
36
42
48
54
0800
06
12
18
24
Speed (m.psh.
11.7
13.1
13.3
12.6
12.6
15.0
18.1
15.0
14.1
13.3
10.6
10.2
12.*5
12.0
10.7
11.3
15.0
14.1
14.3
15.0
15.8
15.8
15.0
14.0
12.0
94.
WINDS
Situation III. Period: Sept. 11-12, 1960.
Data from Esterline Angus Recorder System.
Date
9/12/60
Time
0830
36
42
48
54
0900
06
12
18
24
30
36
42
48
54
1000
06
12
18
24
30
36
42
48
54
Speed (m.p.h.)
16.2
13.3
1500
15.0
17.1
17.1
15.8
17.7
17.7
17.2
17.2
16.5
1702
19.3
17.2
17.2
17.8
20.0
18.8
18.4
18.6
18.6
18o8
21.4
20.6
Date Time
9/12/60 1100
06
12
18
24
30
36
42
48
54
1200
06
12
18
24
Speed (mopoh.
2104
30.0
25.0
26.1
21.4
22.2
22.2
25.0
30.8
25.0
27.3
27.3
31.6
30.0
33.4
95.
ELEVAT ION ANGLE
Situation IV. Period: April 16-17, 1961.
Data from Rotating Beam Ceilometer.
Date Time
4/16/61 0800
06
12
18
24
30
36
42
48
54
0900
06
12
18
24
30
36
42
48
54
1000
06
12
18
24
Angle
76
70
72
73
73
73
72
72
73
72
72
70
68
67
65
69
65
67
63
70
65
68
61
67
67
Date
4*16*61
Tine
1030
36
42
48
54
1100
06
12
18
24
30
36
42
48
54
1200
06
12
18
24
30
36
42
48
54
Angle
69
66
65
65
68
44
58
50
65
68
68
60
68
68
63
65
60
58
57
58
69
62
60
46
62
Date Time
4/16/61 1300
06
12
18
24
30
36
42
48
54
1400
06
12
18
24
30
36
42
48
54
1500
06
12
18
24
Angle
66
66
78
76
65
68
73
72
60
71
46
47
65
58
46
54
43
44
51
45
44
48
68
47
50
96.
ELEVATION ANGLE
Situation IV. Period: A pril 16-17, 1961.
Data from Rotating Beam Ceilometer.
Date Time
4/16/61 1530
36
42
48
54
1600
06
12
18
24
30
36
42
48
54
1700
06
12
18
24
30
36
42
48
54
Angle
71
69
66
55
58
45
66
52
61
66
58
70
67
62
67
62
61
69
90
71
70
70
65
68
70
Date T ime
4/16/61 1800
06
12
18
24
30
36
42
48
54
1900
06
12
18
24
30
36
42
48
54
2000
06
12
18
24
Angle
54
65
65
57
59
63
63
65
66
65
69
70
61
55
67
72
57
73
60
59
60
44
53
43
43
Date Time
4/16/61 2030
36
42
48
54
2100
06
12
18
24
30
36
42
48
54
2200
06
12
18
24
30
36
42
48
54
Angle
44
55
46
46
48
70
75
52
50
52
52
50
52
50
66
55
49
49
74
48
59
48
74
74
55
97.
ELEVATION ANGLE
Situation IV, Period: Apri 16-17, 1961.
Data from Rotating Beam Ceilometer.
Date Time
4/16/61 2300
06
12
18
24
30
36
42
48
54
2400
06
12
18
24
30
36
42
48
54
4/17/61 0100
06
12
18
Angle
60
59
58
78
60
65
58
57
60
63
68
73
68
72
68
71
70
70
68
73
75
79
84
80
Date Time
4/17/61 0124
30
36
42
48
54
0200
Angle
80
81
82
85
87
87
87
98.
WINDS
Situation IV. Period: April 16-17, 1960.
Data from Esterline Angus Recorder System
Date Time
4/16/61 0800
06
12
18
24
30
36
42
48
54
0900
06
12
18
24
30
36
42
48
54
1000
06
12
18
24
Speed (mn.p.h.)
7.1
7.1
6.1
6.1
7.7
7.1
7.1
8.4
8.4
9.1
13.9
13.3
11.1
10.7
10.8
9.8
1000
10.4
9.3
7.5
7.1
7.3
7.3
7.3
8.6
Date Time
4/16/61 1030
36
42
48
54
1000
06
12
18
24
30
36
42
48
54
1200
06
12
18
24
30
36
42
48
54
Speed (m.p.h.)
8.2
6.7
7.2
7.7
15.0
10.0
9.9
9.9
12.2
12.0
12.0
10.0
11.1
10.4
10.7
11.8
12.0
1204
12. 4
12.0
12.0
9.2
8.6
9.2
1000
99.
WINDS
Situation IV. Period: April 16-17, 1961.
Data from Esterline Angus Recorder System.
Date
4/16/61
Time
1300
06
12
18
24
30
36
42
48
54
1400
06
12
18
24
30
36
42
48
54
1500
06
12
18
24
Speed (mopeh.)
10.0
9.7
1000
12.4
11.8
10.0
12.4
12.4
1005
10.4
11.3
1009
8.7
12.0
14.6
1303
12.8
12.7
13.7
15.4
16.4
16.9
15.8
16.7
15.0
Date Time
4/16/61 1530
36
42
48
54
1600
06
12
18
24
30
36
42
48
54
1700
06
12
18
24
30
36
42
48
54
Speed (m.p.h.)
12.5
12.8
15.0
14.6
15.8
18.4
1707
17.7
15.0
15.8
13.0
13.6
15.8
17.8
16.6
17.2
15.4
14.3
13.0
14.3
15.7
13.3
17.2
17.2
15.0
100.
WINDS
Situation IV. Period: April 16-17, 1961.
Data from Esterline Angus Recorder System.
Date
4/16/61
Date
4/16/61
Time
1800
06
12
18
24
30
36
42
48
54
1900
06
12
18
24
30
36
42
48
54
2000
06
12
18
24
Speed (mo.p.h.)
15.4
16.7
15.4
1707
12.2
15.0
14.3
15.0
15.0
17.4
15.1
1309
13.0
13.6
15.4
13.3
14.0
1402
15.2
15.2
1500
12.5
12.0
13.0
12.0
Time
2030
36
42
48
54
2100
06
12
18
24
30
36
42
48
54
2200
06
12
18
24
30
36
42
48
54
Speed (m.p.h.)
11.5
12.0
12.0
12.0
11.5
10*9
11.7
9.5
1069
9.0
9.5
10.9
9.8
11.1
9.7
10.2
11.1
12.0
9.7
8.8
10.8
1060
10.0
8.6
8.7
101.
WINDS
Situation IV. Period: April 16-17, 1961.
Data from Esterline Angus Recorder System.
Date Time
4/16/61 2300
06
12
18
24
30
36
42
48
54
2400
06
12
18
24
30
36
42
48
54
4/17/61 0100
06
12
Date Ti
4/17/61 01
Speed (m~p~h._)
6.5
8.1
8.5
8.6
8.0
8.5
6.6
6.6
6.7
6.2
8.0
6.7
6.5
5.7
5.1
5.1
5.6
5.9
7.2
6.5
6.5
3.2
3.2
.me Speed (n.p.h.)
18 3.2
24 3.2
30 3.2
36 3.2
42 2.2
48 2.2
54 2.2
100 2.20
